Nasopharyngeal colonization with methicillin-resistant Staphylococcus aureus (MRSA) often precedes the development of nosocomial infections. In order to identify risk factors for MRSA colonization, we conducted a casecase-control study, enrolling 122 patients admitted to a medical-surgical intensive care unit (ICU). All patients had been screened for nasopharyngeal colonization with S. aureus upon admission and weekly thereafter. Two casecontrol studies were performed, using as cases patients who acquired colonization with MRSA and methicillinsusceptible S. aureus (MSSA), respectively. For both studies, patients in whom colonization was not detected during ICU stay were selected as control subjects. Several potential risk factors were assessed in univariate and multivariable (logistic regression) analysis. MRSA and MSSA were recovered from nasopharyngeal samples from 27 and 10 patients, respectively. Independent risk factors for MRSA colonization were: length-of-stay in the ICU (Odds Ratio 
The latter decades witnessed a substantial increase in the incidence of hospital-acquired methicillin-resistant Staphylococcus aureus (MRSA) infections [1] . This phenomenon is particularly worrisome in Intensive Care Units (ICU). Recent reports state that more than half S. aureus strains from ICU-acquired infections are MRSA [2] . This picture has a significant impact on patients mortality and hospital costs [3, 4] .
Nasopharyngeal colonization with MRSA often precedes the development of infection [5] . Also, colonized patients may transmit MRSA to other individuals, thus contributing to the spread of this pathogen all through the hospital. For this reason, infection control guidelines have recommended the active search of colonized patients, followed by prompt institution of isolation precautions [6, 7] .
The identification of risk factors for nasopharyngeal colonization may help in the development of strategies to prevent MRSA spread in healthcare settings. These factors have often been addressed in observational epidemiologic studies.
Methodological designs of epidemiological studies that aim to identify risk factors for the acquisition of multidrugresistant pathogens (such as MRSA) have been a matter of intense debate. In a systematic review, Harris et al. [8] observed that most studies on this subject had their validity limited for one of the following reasons: (a) incorrect selection of the control group; (b) no adjustment for severity-of-illness; and (c) no adjustment for time of exposure to the risk.
The primary objective of our study was to identify risk factors for MRSA nasopharyngeal colonization in a medicalsurgical ICU where this pathogen maintains hyperendemic levels. The study design also allowed us to identify predictors of colonization with methicillin-susceptible S. aureus (MSSA) strains. In order to avoid biases, we strictly followed current methodological recommendations, with special attention to the three issues cited in the previous paragraph.
The study was conducted in the medical-surgical ICU from Hospital Estadual Bauru (HEB), one of the teaching hospitals from Faculdade de Medicina de Botucatu. HEB has 285 active beds and serves an area of approximately one million inhabitants. The hospital has a microbiology laboratory and an active Infection Control Committee (ICC).
Since 2005, the ICC collects surveillance cultures from patients admitted to the medical-surgical ICU in order to detect MRSA colonization. Cultures are collected upon admission and weekly thereafter. Briefly, nasopharyngeal secretions are collected with swabs and transported in Stuart media. Latter they are inoculated in mannitol salt agar and blood agar plates. The identification of S. aureus is performed through coagulase test. Resistance to methicillin is detected in disk diffusion tests (using oxacillin and cefoxitin disks) according to criteria from the Clinical and Laboratory Standards Institute [9] .
Our study had a retrospective, case-case-control design, as described by Kaye et al. [10] . In this design, two casecontrol studies are performed. In the first, patients carrying drug-resistant strains (e.g., MRSA) are selected as cases. In the other, case patients are those individual that carry drugsusceptible strains (e.g., MSSA). For both studies, control subjects are selected among individuals from the source population, which do not harbor neither susceptible nor resistant strains. The rationale of this design is the possibility of simultaneously identifying risk factors for acquisition of the organism as a whole and for resistant strains in particular. We retrospectively analyzed results from surveillance cultures performed from March 2005 through May 2006. Patients were included in our study if they had been admitted to the ICU for at least 48 hours during the study period and had surveillance cultures (nasopharyngeal swabs) collected during their stay. Exclusion criteria were: a stay of less that 48 hours; no surveillance culture collected; positive cultures for S. aureus before or in the first 48 hours after admission to the ICU.
For case-control study #1, case patients were defined as individuals who had at least one MRSA-positive surveillance culture while staying in the ICU. For case-control study #2, case patients' definition included the presence of at least one MSSA positive surveillance culture during ICU stay. For both studies, the control group was formed by all individuals from the study period in which S. aureus was not recovered.
Patient data were recovered from medical charts and laboratory files. Underlying conditions were defined following the guidelines in International Classification of Diseases [11] . Severity of illness was assessed using the Acute Physiology and Chronic Health Evaluation (APACHE) II score [12] . Hospital admissions in the previous year and transfer from other hospitals were also recorded. All other data were analyzed from the day of admission to our hospital up to the isolation of S. aureus for case patients and up to the last negative culture for control subjects. Data included performance of surgery or other invasive procedure; use of steroids or other immune-suppressing drugs and use of antimicrobials. Time at risk was assessed using two different variables: "time in the hospital" (defined as time from admission to the hospital up to the isolation of S. aureus for case patients and up to the last negative culture for control subjects) and "time in the ICU" (defined in a similar fashion, but counted from the day of admission to the ICU).
Data were analyzed with epidemiological softwares: EPI INFO for Windows, version 3.2 (Centers for Disease Control and Prevention) and SPSS version 15.0 (SPSS inc). Each variable was submitted to univariate analysis. Fisher´s exact test (for binomial variables) and Student´s t test or the MannWhitney test (for numeric variables) were used. For multivariable analysis, we used a stepwise forward selection process [13] . Variables were gradually inserted in the model according to their effect. A p value of 0.05 was set as a limit for inclusion or removal from the model. It was also set as the final limit for statistical significance.
Of note, this project was fully approved by the reference Reseach Ethics Committee (Instituto Lauro de Souza Lima, City of Bauru, Brazil).
A total number of 122 patients met the inclusion criteria for our study. MRSA and MSSA strains were recovered from nasopharyngeal swabs from 27 and 10 patients, respectively.
In case-control #1 ( Results from case-control #2 are presented in Table 2 . We found that MSSA colonization was positively associated with Central Nervous System disease (OR=7.45, 95%CI=1.33-41.74, p=0.02) and negatively associated with age (OR=0.94, 95%CI=0.90-0.99, p=0.01).
Many studies address the importance of crosstransmission and/or selective pressure of antimicrobials as major contributors to the emergence and spread of multidrugresistant bacteria. Determining which one of these factors is predominant in the epidemiology of a specific pathogen is primary for designing preventive strategies [14] .
In our study, length-of-stay in the ICU was a significant risk factor for MRSA colonization. This finding has been reported by others, and points out to the occurrence of crosstransmission within the unit [15, 16] . On the other hand, our results suggest that ecological pressure of antimicrobial use may also play a role in MRSA epidemiology in our hospital. A recent study by Weber et al. identified the previous use of quinolones (ciprofloxacin and levofloxacin) as risk factors for MRSA acquisition [17] . Interestingly, evidence from experimental studies suggests that sub-inibitory concentrations of quinolones enhance S. aureus colonization ability, specially for MRSA strains [18] .
Our findings slightly differ from those reported by Weber et al. While the use of ciprofloxacin increased the risk of MRSA colonization, levofloxacin had a protective effect. We hypothesize that the much greater activity of levofloxacin against Gram-positive pathogens may have been sufficient to inhibit MRSA colonization. Unfortunately, specimens from surveillance cultures were not routinely tested for susceptibility to quinolones in our hospital. Perhaps this information could help us elucidate this issue.
Additional risk factors for MRSA acquisition in ICUs have been identified by other authors: severity-of-illness and use of invasive (particularly intravascular) devices [19] . Even though these variables were included in our analysis, they were not significant predictors for MRSA colonization.
Case-case-control studies allow investigators to simultaneously analyze risk factors for the acquisition of resistant and susceptible bacterial strains [10] . Results from these studies can be grouped in three categories: (a) variables that are risk factors only for resistant strains; (b) variables that are risk factors only for susceptible strains; and (c) variables that are risk factors for both susceptible and resistant strains. Results in category (c) should be interpreted as risk factors for the target organism as a whole. In our study, there was no concordance among risk factors for MRSA and MSSA. Age was negatively associated with MSSA carriage. We may speculate that elder patients were exposed to factors that prevented MSSA colonization and that were not assessed in our study. Still, reasons for the finding of Central Nervous System diseases as risk factor for MSSA acquisition remain obscure. MSSA strains are more likely to be susceptible to levofloxacin than MRSA. Therefore, one would expect that levofloxacin had at least the same protective effect against MSSA acquisition as it had for MRSA. However, this effect was not identified. This was probably due to the small number of MSSA cases, which was a major limitation in our study. It is possible that the resulting lack of statistical power accounted for the finding of entirely distinct risk factors for MRSA and MSSA.
Certain aspects of MRSA epidemiology may vary from one ICU to another. We have sought to identify risk factors that are amenable to interventions for containing its spread among critical patients in our hospital. Limiting ICU stay, reinforcing the adoption of barrier precautions and restricting the use of ciprofloxacin may have an impact on the incidence of MRSA colonization -and, ultimately, on MRSA infection and mortality.
